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Exposing apparatus 





(57) . The improved apparatus for exposing a light- 
sensitive material to recording light modulated in 
accordance with an image to be recorded comprises a 
source of the recording light, a multi-channel spatial 
light modulating element using a liquid crystal, imaging 
optics with which the recording light modulated with the 
spatial light modulating element is imaged on the light- 
sensitive material, and apparatus for adjusting the tem- 
perature of the spatial light modulating element. This 
exposing apparatus ensures that image of high quality 
(high resolution) can be recorded at high speed by per- 
forming multi-channel exposure with an inexpensive 
and simple device design. 
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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to the art of an exposing apparatus which exposes a light-sensilive material to pMoge 
recording. More particularly, the invention relates to a multi-channel exposing apparatus capable of rapid recotd.ng of 
high-quality image using a liquid-crystal based spatial light modulating element. u . ^ 

Easing apparatus which scan and expose light-sensitive materials such as silver hal.de photographic matenals 
and electrophotographic photoreceptors by means of recording light modulated in accordance with the .mage to be 
io recorded are commonly employed in various types of printers and copiers. . ^- u 

Most of the exposing apparatus used today depend on light beam scanning tor exposure, .n which an optical beam 
modulated in accordance with the image to be recorded is deflected in a main scanning direction as the beam and the 
light-sensitive material are moved relative to each other in an auxiliary scanning direction perpendicular to the mam 
scanning direction, whereby the light-sensitive material is scan exposed two-dimensionally to record an image (erther 

'^^tSfiScert advances in image receding technology, it has become possible to record high-quality images at 
high speed by means of exposing apparatus of such optical beam scanning type. However imagew.se exposure by 
means of optical beam scanning is limited in exposing speed and resolution and, particularly wrth large images, it is 
even more difficult to record high-quality images at high speed for the following reasons. 

In imagewise exposure by optical beam scanning, a light beam modulated m accordance wrth the .mage to be 
recorded is deflected for scanning with an optical deflector such as a polygonal mirror or a galvanometnp mirror How- 
ever such optical beam scanning is theoretically limited in the resolution that can be attained and due to limiting factors 
such as the modulation (response) speed of the modulating element and the scanning precision of the optical deflector, 
it is impossible to achieve image recording with resolution higher than a certain value. 

In order to provide higher resolution, the scanning speed has to be slowed down in conformity with the modulat-on 
speed of the optical modulator and this increases the image recording time. On the other hand, in order to realize h.gh- 
soeed recording, the resolution has to be lowered in conformity with the modulation speed. 

The recording speed is also limited by the fact that exposure basically employs a single beam (in color .mage 
recording, one beam is used for each of R.G, and B exposing light). _ J| , 

As a further problem, the angle of deflection, or scan width, is limited, so in order to record large images, say, one 
of size A2. the pathlength of the optical beam has to be increased significantly but then the exposing apparatus will una- 
voidably become bulky, causing considerable difficulty in recording larger images. 

In addition, the optical beam scanning apparatus is costly since ft requires expensive optics including an optical 
deflector, tilting compensation optics and an fe lens. Particularly in the case where high-speed recording or therecord- 
35 ing of larger images is desired, expensive optical elements of high precision or those of large size are required and a 
further increase in cost is unavoidable. 
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SUMMARY OF THE INVENTION 

An object, therefore, of the present invention is to provide a novel exposing apparatus that is inexpensive and sim- 
ple in construction and which yet is capable of rapid recording of high-quality images at high resolution (high p.xel den- 

^This object of the invention can be attained by an apparatus which exposes a light-sensitive material to recording 
light modulated in accoidance with an image to be recorded, characterized by comprising a source of the recording 
light a multi-channel spatial light modulating element using a liquid crystal as modulating means, imaging opt.cs w,th 
which the recording light modulated with said spatial light modulating element is imaged on said light-sensitive mater.al. 
and means for adjusting the temperature of said spatial light modulating element. 

In a preferred embodiment of the exposing apparatus, the liquid crystal is a smecbc A hqu.d crystal 
In another preferred embodiment, the temperature adjusting means adjusts the temperature of the spat.al light 
modulating element on the basis of detection of the temperature of the spatial light modulating element or the amount 
of light modulated by the same. 

The stated object of the invention can also be attained by an apparatus which exposes a l.ght-sensrbve materal to 
recording light modulated in accordance with image data supplied from a source of image data, charactenzed by com- 
prising a source of the recording light, a multi-channel spatial light modulating element using a liquid crystal as modu- 
lating means, imaging optics with which the recording light modulated with said spatial light modulating element e 
imaged on said light-sensitive material, a sensor for measuring the amount of light modulated wth said spatial Ught 
modulating element, and means for correcting said image data in accordance with the amount of light detected by said 
sensor. 
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in a preferred embodiment of this exposing apparatus, the liquid crystal is a smectic A liquid crystal. 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a perspective view showing schematically an embodiment of the exposing apparatus of the invention; 

Fig. 2 shows the concept of a spatial light modulating element in the exposing apparatus shown in Fig. 1 , as well 

as a block diagram of the drive and temperature control circuits for the modulating element; 

Fig. 3 is a conceptual diagram illustrating the operation of the spatial light modulating element shown in Ftg. 2; 

Fig. 4 is a graph showing the relationship between the voltage applied across a ferroelectric smectic A liquid crystal 
10 and its response speed; 

Fig. 5 is a perspective view showing schematically another embodiment of the exposing apparatus of the invention; 

Fig. 6 is a block diagram of the temperature control circuit for the exposing apparatus shown in Fig. 5; and 

Fig. 7 is a perspective view showing schematically yet another example of the exposing apparatus of the invention. 

75 DETAILED DESCRIPTION OF THE INVENTION 

The exposing apparatus of the invention will now be described in detail with reference to the preferred embodi- 
ments shown in the accompanying drawings. 

Fig. 1 is a perspective view showing schematically an embodiment of the exposing apparatus of the invention. The 
20 exposing apparatus generally indicated by 1 0 in Fig. 1 is basically composed of an optical unit 20 and cylindrical expos- 
ing drum 22. The optical unit 20 comprises a light source 12 from which recording light L issues, shaping optics 14, an 
optical modulator 16, imaging optics 18, etc. which are contained in a housing (not shown) to provide an integral assem- 
bly. 

A light-sensitive material A held in contact with the lateral side of the exposing drum 22 is illuminated with the 
25 recording light L modulated with the optical modulator 1 6 as the drum 22 rotates in the direction of arrow a about the 
longitudinal axis while, at the same time, the optical unit 20 is moved parallel to the rotating axis of the drum 22 in the 
direction of arrow b perpendicular to the rotation of the drum 22, whereby the light-sensitive material A is scanned with 
the recording light Ltwo-dimensionally to be exposed imagewise. 

The exposing apparatus 10 may be so adapted that the eixposing drum 22 rather than the optical unit 20 is moved 
30 in the direction of arrow b. 

Depending on the spectral sensitivity characteristics of the light-sensitive material A, various known type of light 
sources that issue recording light L of a narrow wavelength range capable of exposing the light-sensitive material A may 
be employed as the light source 12; thus, depending on the light-sensitive material A, various known types of semicon- 
ductor laser (LD), LED and gas laser may be employed, 
as In the exposing apparatus 10 of the invention, the optical modulator 16 to be described below in detail either blocks 
or transmits the recording light L in accordance with the image to be recorded, thereby performing pulse-width modu- 
lation; hence, the light source 12 keeps issuing the recording light L throughout the process of image recording (or as 
long as the exposing apparatus operates). 

The shaping optics 14 enlarges the recording light L from the source 12 to a sufficient size that can illuminate all 
40 the area of the optical modulator 16 (or spatial light modulating element 24) through which the recording light L is to 
pass. 

As long as this requirement can be met, various known types of optical elements such as lenses, mirrors or com- 
binations thereof may be employed as the shaping optics 14. Needless to say, the shaping optics 14 is preferably 
selected, designed and positioned in such a way that the recording light L is not enlarged to reach an unwanted area, 
45 particularly one that adversely affects the light-sensitive material A. 

If the exposing apparatus 10 of the invention has the light source 12 provided in such a position that the emitted 
recording light L, when it is launched into the optical modulator 16, is capable of illuminating all the area through which 
it is to pass, the shaping optics 14 may be omitted. 

The optical modulator 16, which is the most characterizing portion of the exposing apparatus 10 of the invention, 
so modulates the recording light L by means of a spatial light modulating element 24 utilizing a liquid crystal. The optical 
modulator 16 comprises a base 26 for holding the spatial light modulating element 24, as well as a heating module 28 
and a temperature sensor 30 both of which are held on the base 26 together with the spatial light modulating element 
24. 

The recording light L shaped by the shaping optics 14 passes through the optical modulator 16 to be subjected to 
55 pulse-width modulation in accordance with the image to be recorded, whereby it is allowed to carry the image. 

The base 26 is a member for holding and fixing the spatial light modulating element 24, heating module 28 and tem- 
perature sensor 30 in predetermined positions. In a preferred embodiment, the base 26 also serves as temperature 
retaining means (heat accumulator) for adjusting the temperature of the spatial light modulating element 24. Having 
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these capabilities, the base 26 is typically made as a sheet of a metal of high thermal conductivity such as aluminum. 

The spatial light modulating element 24 utilizing a liquid crystal, in particular, a smectic A liquid crysta has temper- 
ature dependency in response speed, modulation characteristics and light transmrttance. If the base 26 .s adapted to 
hate the S^bilit; of serving as a heat accumuiator. the temperature adjustment by; means of ■ hsttng mod* 
SHnd tempeTaturrsensor 30 can be accomplished in a more effective and exact way. Th>s pent will be discussed 

^The SSle^'an opening through which the recording light L can pass and which is bored in a position in reg- 
istry with the area where the spatial light modulating element 24 is fixed. + 

In the illustrated exposing apparatus 10 which performs pulse-width modulation, the spatial light modulating ele- 
ments SfthaS a TcSrtical shutter depending on a liquid crystal for operation. Briefly, the spatial «.ght mod- 
SatTng element 1 24 is a Si-chaL liquid-crystal shutter array composed of liquid-crystal optica, shutters arranged 

^ir 2 sho^^ 

betwTen^ ansparent electrodes 34a and 34b; the liquid crystal cel. in turn is held between a polarizer 36a ,n contact 
wSe^sparent electrode 34a on the entrance side and a analyzer 36b in contact with the transparent elective 
j£ £ the eSe ThTassembly of those components is held between two glass sheets 38a and 38b to construct the 
^°anlghtmodu.^ 

so the analyzer 36b differ in the angle of polarization by. for example. 90 degrees^ _ 

The transparent electrodes 34a and 34b. as well as the polarizer 36a and the analyzer 36b jare not l.rnrted to any 
particular types and may be selected from various know types which are utilized in liqu.d-crysta d.sp.ays shutter^ etc_ 
RO 3 iEows conceptually the operation of the spatial light modulating element 24. As noted above, the Jght that 
can Ss thS the polarized and the light that can pass mrough the analyzer 36b dWer by 90 degrees .nthe^angle 
ot po^aSaT . ^hereEre. in the absence of voltage applied to the liquid crysta. .ayer 32 through the 
trades 34A and 34b. the linearly polarized recording light L from the polarizer 36a will s.mply pass through the hquid- 

ervstal laver 32 and is hence blocked by the analyzer 36b. ^ « 

ifa votege fs applied to the liquid-crystal layer 32 through the transparent electrodes 34a and 34b. the d.r«*on of 

thelquidS 

32 w?l vary by angle e as shown in Fig. 3. In other words, by supplying the liquid-crystal layer 32 with a votege high 
enough l rotate tSe plane of polarization of the recording light L by 90 degrees, the recordmg light L is allowed to pass 
♦hrniioh the analvzer 36b (hence, the spatial light modulating element 24). 

bVJ plyTng a specified voftage to the liquid-crystal layer 32 through the transparent electrodes 34a and 
34bITaSSanL Wiethe image to be recorded, the recording light L is either blocked or transmitted .n accordance 

35 with the image to be recorded, thereby achieving pulse-width modulation. 

The spatial light modulating element 24 has transparent electrodes 34a and 34b formed .n r«™»£™^ " 
pairs in the illustrated case, with respect to the liquid-crystal layer 32 along the rotatmg axis of the exposmg drum 22 
and tneTndSal electrode pairs are adapted to be controllable independently of one another Thus. *"e spataHight 
moduli ng element 24 is a 64-channel liquid-crystal shutter array composed of 64 independent liquid-crystal shutters. 
m ^n^TJortng light L passes through the spatial light modulating element 24 to produce .ndependently 

us^gThe Ll 64^hanne. spatial light modulating element 24. the illustrated exposing apparatus 10 is enable of 
forming I scanning lines simultaneously from 64 beams of the recording light Lfor exposing ^^^T^^ 
A If one channel corresponds to the image recording of one pixel, the exposing apparatus y^j™^ 
image recording of 64 pixels to thereby achieve very fast image recording. In terms of the record.ng speed, th.s may be 
compared to an optical beam scanner which performs imagewise exposure with 64 optical beams. 

TSu^ng detractive power and other parameters of the imaging optics 1 8 which allows the «D£ng , IJrt L 
passing through the spatial light modulating element 24 to be imaged on the light-sensitive matenal A. ttie shape of the 
spoTS imagS record^g ligW L and the distance channels can be set at desired value to prov.de ease .n .mprovng the 

'^l^ZZZie exposing apparatus 10 of the invention, 

□reduced at high speed by means of multi-channel exposure. Since the number of channels, or the number of l.qu.d 
SS^S^h^JUi-l light modulating element 24. can be easily set at any desred value, the need for even 
fciQtPr imaae recordina can be met without lowering the resolution. 

Fu*er in Sdrt on fte exposing apparatus 10 does not depend on an optical deflector for imagew.se exposure as 
in the c^en^SaShod ofTerfoS exposure by scanning with a deflected optica, beam; *^ » 3 
slirtaMe size for the exposing drum 22. the need for recording large images such as one of size Al can be easily met. 
^ious t^es ofZid crystals can be employed in the spatial light modulating element 24 of the exposing appara- 
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tus 10 as long as the speed of change in the direction of liquid-crystal orientation in response to voltage application is 

fast enough to achieve the desired recording speed. 

Specifically, smectic liquid crystals,, in particular, smectic A liquid crystals (which are used as smectic A phases), 

are preferably used, with ferroelectric liquid crystals (FLC) being particularly preferred. 
5 Ferroelectric liquid crystals have high response speed and are generally kibwn to experience a phase transition 

from smectic C* to smectic A as the temperature rises. Compared to nematic liquid crystals and others that are com- 
monly used in liquid-crystal displays, ferroelectric smectic C* liquid crystals are significantly high in response speed; 

however, ferroelectric smectic A liquid crystals provide even faster response speeds and, hence, are more suitable for 

use in the present invention which intends to accomplish high-speed recording. 
10 In addition, ferroelectric liquid crystals, in particular, ferroelectric smectic A liquid crystals have high linearity in such 

aspects as the change in the angle through which the plane of polarization rotates in response to voltage application 

and, hence, the spatial light modulating element 24 can be controlled with ease. 

Fig. 4 is a graph showing the relationship between the applied voltage (field intensity) and the speed of change in 

the direction of liquid-crystal orientation (response time) of M764E (the ferroelectric liquid crystal reported in Abdulhalin 
is et aL, Appl. Phys. Lett. 55(16), 16 October 1989), with the liquid-crystal temperature being taken as parameter. 

M764E has a phase transition point at 29°C, beyond which it is a smectic A phase and below which it turns to a 

smectic C* phase. 

As is clear from Fig. 4, even the smectic C* phase has a better response characteristic than nematic liquid crystals 
and the like; however, the smectic A phase (smectic A liquid crystal) provides a faster response speed almost 1 00 times 
20 as much. In addition, the voltage-dependent variation in the response speed of the smectic A phase is extremely small 
and, hence, stable device operation can be realized. 

Various known types of ferroelectric liquid crystals may be employed in the present invention. 
Specific examples include M764E (see above), a liquid crystal represented by the formula (A) set forth below, the 
liquid crystal (A) blended with a liquid crystal represented by the formula (B) set forth below, and DOBAMBC repre- 
ss sented by the formula (C) also set forth below: 

30 CH 3 
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40 



45 



(CH^CHfCH^C'HfCHaleO-^^-COO-^-COO-^^-OCeH, 
™° 13] 





O CH 3 
ll I. 



CioH 21 CKOVCH==N -<CJ)-CH=CH--C -0-CH 2 -C*h+-C 2 H 5 [ C ] 



Also useful with advantage are the ferroelectric liquid crystals described in USP 5,1 16,527. 
The number of channels in the spatial light modulating element 24 of the exposing apparatus 10 is not limited to 
so any particular value and maybe determined as appropriate for such factors as the performance required for the expos- 
ing apparatus 10; in order to ensure that high-resolution images are recorded at high speed, 16-256 channels are pre- 
ferred, with 32-1 28 channels being more preferred. 

The foregoing description concerns the case of performing pulse-width modulation with the spatial light modulating 
element 24 but it may be operated to perform pulse-number modulation with equal advantage. Since the liquid crystal 
55 used in the spatial light modulating element 24 is voltage-dependent in the angle through which the plane of polarization 
rotates, this effect may be utilized in such a way that the angle of rotation is varied in accordance with the image to be 
recorded, thereby adjusting the amount of recording light L passing through the analyzer 36b so as to achieve image- 
wise exposure by intensity modulation. It should, however, be mentioned that with the spatial light modulating element 
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24 using ferroelectric smectic A liquid crystal, the amount of the recording light L is fairly difficult to control land I the ste- 
bJ^ problem may sometimes occur; hence, pulse-width (pulse-numbers) modulation .s more preferred from such v,ew- 
points as the efficiency of control. m~*l,~a 
It should also be mentioned that in the exposing apparatus 10, the recording light L need ^ » <?"^^ 
5 by the spatial light modulating element 24 in a non-record mode and the record,ng light L which ■ ;"^w"> ' *J 
unw LTUrtive material A to be exposed to produce minimal color densities may simply pass through the spatial light 
'rS:,^ on the light-sensitive material A. However, no n.^ - rt^mou* tte 

excess of the recording light L had better not be incident on the light-sensitrve material A and. hence, the s^hght 
Sating element 24 is preferably adapted to be such that it is capable of completely Wookmg the unwanted portion 

10 * ^^TshoS.me drive circuit for the spatial Hght modulating element 24 basically comprises a correction LUT 
40 a D/A converter and a driver 44 of the spatial light modulating element 24. 

*n thVLtrated exposing apparatus 10, .mage data from a supply source R such as an .mage reader ,s supplied 
to the correctton LUT 40 as damage data for each channel. The correction LUT 40 performs someth.ng l.ke shad- 
m coSn- in which the ohannel-to-channel difference of the spatial light modulating element 24 is corrected to 
eirunl ormi in such parameters as the amount of the recording light L ; passing ^ough *he .r^cWe channel^ 
As already noted, the shaping optics 14 in the exposing apparatus 10 enlarges the record.ng l '9 ntLfromtne f"^ 

suchast^ 

Sating I element 24 is not uniform in all channels. In addition, the light transmrttance and the response 
STght modulating element 24 are not completely uniform in all channels but have certain drfferences although they 

tSer the drcumstences, even if the recording light L is similarly modulated by the respective channels of the spa- 
tial light modulating element 24 so as to expose the light-sensitive materia. A, the amount of exposure will differ from 
one channel to another, producing an image having uneven densities. 

In order to eliminate these difficulties, the illustrated exposing apparatus 10 has lookup tabtos (LUT) which adsoro 
the cha° nel-to-channel drfferences in the light transmission and response speed for eliminating the densrty ""evenness 
SIS^STS- lookup tables are preliminary set for the respective channels and stored m he correct™ ,LUT 
4V The !nige data supplied from an image data supply source R is corrected by the assocated LUT to enable the 

rpcordina of a hiah-auality image free from the problem of density unevenness. 

T*et n ^p?rfcuV.imitation on the method ol constructing LUTs and various methods that are «mpb£toG£ 
strurt Section tattes in know types of exposing apparatus may be adopted. In one example the mrtb^Mita 
m£g Hght L passes through, each channel is measured or the light-sensitive matenal A is actually exposed and 
de^measurements are peLmed; on the basis of the result of these measurements, correction coefficients, func- 
iSZS^S^^ for uniform exposure (recording) in accordance wfth the supplied .mage data are calcu- 
iated for each channel, thereby constructing the desired LUTs. 

The frnage data correct Jin the correction LUT 40 is fed into the D/A converter 42, where rt .s converted from a 
cliaital to an analog format, which is sent to the driver 44. 

9 1*e driver 44 then supplies each channel of the spatial light modulating element 24 with a 
for a time duration (pulse width) that is determined by the supplied image data, whereupon the ' ™co*ng light L 
SunchS into the spatial light modulating element 24 is modulated in accordance with the .mage to be recorded 

Thf. igt tVansSLnce and response speed of the spatial light modulating element 24 
sensitive to temperature. In particular, the ferroelectric smectic A .quid crystals which are employed 
The exposing apparatus of the invention are highly sensitive to temperature as is clear from Fig. A In addition, liquri 

Snthesmec^ 

^nSSZ exposing apparatus 10 of the invention has temperature adjusting means which controls the tem- 
perature of the spatial light modulating element 24 to be within a specified range. _ 

In the illustrated exposing apparatus 10. the temperature adjusting means for use on the spatial l.ght modulating 
element 2A T<* a known type wSch comprises the aforementioned heating module 28 and temperature sensor 3 has 
tSTZZL* 26 which *so serves as a heat accumulator as already ««™?£Z™£Z^ 
means is controlled by a control circuit comprising an A/D converter 46. a control unrt 48 and a driver 50 

Se hSS module 28 to be used in the invention is not limrted to any particular models and various *n°wn^pes 
of heatinreteTentrray be employed as long as they are car^e of heating and optional celling to temperatures^ 
iiSSSm^^d^*^ satisfactory response, as exemplified by power transistors and ^electric 
mtanMTEQ The same applies to the temperature sensor 30 and various known types may be employed as long as 
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they have satisfactory response, as exemplified by thermistors and thermocouples. 

The temperature of the spatial light modulating element 24 as detected by the temperature sensor 30 is fed into the 
A/D converter 46, where it is converted to digital data, which is sent to the control unit 48. 

The control unit 48 has a temperature control algorithm or LUTs for maintaining the temperature of the spatial light 
5 modulating element 24, which are preliminarily set by any known method and which represent the relationship between 
the temperature as detected by the sensor 30 (or its difference from the temperature setting) and the energy to be sup- 
plied to the heating module 28. The control unit 48 is supplied with the temperature setting (PF) which is an optimal 
value for the spatial light modulating element 24 (PF may be preliminarily stored in the control unit 48) and, taking the . 
difference between the measured data of temperature and PF, the control unit 48 determines the energy to be supplied 
10 to the heating module 28 utilizing the temperature control algorithm or LUTs and sends a command signal to the driver 
50, which supplies the heating module 28 with an amount of energy that complies with the command signal from the 
control unit 48, whereby the temperature of the spatial light modulating element 24 is maintained at a constant level. 

There is no particular limitation on the range over which temperature adjustment is made in the exposing apparatus 
1 0 and it may be set as appropriate for the temperature dependency of the respective characteristics of the spatial light 
is modulating element 24 to be used. A preferred range is approximately the reference temperature ± 1 °C, with the range 
of the reference temperature ± 0.1 °C being more preferred. 

As already mentioned, the illustrated exposing apparatus 10 has the optical modulator 16 and other components 
of the optical unit 20 contained in a housing as an integral assembly. Therefore, in order to ensure more effective tem- 
perature adjustment of the spatial light modulating element 24, it is preferred that the optical unit 20 is also subjected 
20 to temperature adjustment such that its interior is held at a specified temperature. 

The reference temperature setting may be determined as appropriate for the specific liquid crystal used in the spa- 
tial light modulating element 24 such that stable operation is ensured. 

As already noted, ferroelectric liquid crystals are generally known to experience a phase transition from smectic C* 
to smectic A as the temperature rises and in order to maintain the smectic A phase, the ferroelectric liquid crystals have 
25 to be retained higher than ordinary temperatures. However, considering the possible effects on other optica) elements, 
it is not preferred that the reference temperature is set to be very high. On the other hand, if the reference temperature 
is set too close to the phase transition point, the sate of the liquid crystal may potentially change upon small tempera- 
ture variations. 

Therefore, if the spatial light modulating element 24 uses a ferroelectric smectic A liquid crystal, the reference tem- 
30 perature is preferably set at the lowest possible level that allows the liquid crystal to maintain the smectic A phase sta- 
bly; more preferably, the reference temperature is set about 5°C higher than the point of transition from the smectic C* 
to the smectic A phase. 

As already noted, the recording light L modulated by the optical modulator 16 (or spatial light modulating element 
24) in accordance with the image to be recorded is incident on the imaging optics 18, from which it emerges as 64 

35 beams (L1-L54) of a specified size and resolution (density) which, in turn, are imaged on the light-sensitive material A 
held on the exposing drum 22. 

The exposing drum 22 rotates about its own longitudinal axis at a specified speed in the direction of arrow a and, 
at the same time, the optical unit 20 moves in the direction of arrow b parallel to the longitudinal axis of the exposing 
drum 22 at a specified speed, for example, such a speed that when the exposing drum 22 has made a full rotation, the 

40 beam of recording light L for the first channel becomes adjacent, at a resolution-dependent spacing, to and down- 
stream, in the direction of arrow b, from the scanning line formed by the beam for the 64th channel. As a result, the light- 
sensitive material A is subjected to two-dimensional blanket exposure to the recording light L. 

The exposing apparatus 10 performs exposure using 64 beams of recording light L and, as already mentioned, 
even high-quality (hence, high-resolution) images can be recorded at a very fast speed. 

as The exposing apparatus 1 0 has the added advantage that by adjusting or selecting the power and other refraction 
characteristics of the imaging optics 18, the shape and size of the spot of recording light L to be imaged on the light- 
sensitive material A, as well as the distance between adjacent channels and other factors can be effectively adjusted to 
improve the resolution and other optical parameters. 

The exposing 10 apparatus described on the foregoing pages is such that the temperature of the spatial light mod- 

50 ulating element 24 is detected with the temperature sensor 30 and, on the basis of the result of the detection, the heat- 
ing module 28 is driven to maintain the spatial light modulating element 24 at a specified temperature. However, this is 
not the sole case of the invention and the quantity of the recording light L that has passed through the optical modulator 
16 (or the spatial light modulating element 24) may be measured and, on the basis of the result of the measurement, 
the heating module 28 is driven to maintain the spatial light modulating element 24 at a specified temperature. 

55 An exposing apparatus constructed according to this design is shown schematically in perspective in Fig. 5. A block 
diagram of the temperature control circuit for the exposing apparatus is shown in Fig. 6. Except for the method of tem- 
perature control, the exposing apparatus indicated by 60 in Fig. 5 has essentially the same configuration as the expos- 
ing apparatus 10 and like parts are identified by like numerals; hence, the following description is generally directed to 
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The exposing apparatus 60 shown in Fig. 5 does not have a temperature sensor in an optical ^orffiW^ 
^SSJSnerMwhkh reflects at least a portion of the recording light L, s ^ b ^ M ^ for ^* *f 
is pSrtSLsteam of the imaging optics 18 in the direction of travel of the records !>ght L and the beam . 
lannrhPd into an intensity sensor 66 so that its amount is measured. 

^S^v «ot tttobe used in the embodiment under consideration is not limited to any partcular type and 

cp wh pm it is converted to diq'rtal data, which is sent to a control unit 70. 

* Sie Ight .aflectaoce ot tha spatial light modeling lament »«««»»« 

S a^T« « o?L tamp<lure. o, the spata, Ugh. mocUttw .lament » can be tnMMd «*«. a 
28 J ^S^r^SSc. with *e amount (Mens*, p mat beam. This la not the sole oasa of "J 



30 



35 



40 



55 



° n * of such a type that 64-channe. image exposing is to be performed, the number of 
channels in^Zm n^u,^ element may be increased to 65 so that one beam of the recording l,ght L ,s 

561 TSV2 JSSZSSSctW. view showing yet another example of the exposing apparatus of the^entJon 
Se ex^'na apparatus 10 and 60 described above share the common feature of mairrtammg the spatial light mod- 

men^A T^ble i may be of a common type which holds and fixes the optica, modulator 82 m a predetermined 

^ i !°" niinh not shown soecifically if the spatial light modulating element 24 in the exposing apparatus 80 uses a fer- 
J2££££5^^ m Elating element 24 and/or the optical urtt musthave their tem- 

Sa^e in orderTo ensure that the liquid crystal maintains the smectic A phase Further in addrtior, 
Sratufe Wo means for maintaining the spatial light modulating element 24 at a constant Weratu^as « the 
Sof *e expSg apparatus 10 and 60 is preferably employed in order to stabilize the operation of the spatial light 

^ItTe ~sTcf*e exposing apparatus 60, the optical path splitting mirror 64 which reflects at least a portion of 
the rtcoJTngTght L say.Te beam for the 64th channel is provided downstream of the imaging optcs 18 in the 
^S^Mf^i^B beam is launched into the intensity sensor 66 so that its amount is measured 
^SSSSSSmSmm ^ as detected by the intensity sensor 66 is fed into the A/D converter 68. where it ,s con- 

ve ^SmS 0 r^ 

sitys^chSlXsuTtoL recording ligWLwillco^ 
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Specifically, in order to ensure thai the recording light L (beams l^-L^) modulated by the spatial light modulating 
element 24 in accordance with the image data processed by the LUTs in the correction LUT 40 will comply with the 
image data from the image data supply source R, the control unit 86 has an algorithm or LUTs set and stored preiirni- - 
narily for setting the conditions for modifying the LUTs in the correction LUT 40 on the basis of both the prescribed 
5 quantity of beam L^ which should be measured when the spatial light modulating element 24 is in a specified state and 
the quantity of the beam L^ actually measured with the intensity sensor 66. 

Upon receiving the data on the beam Lb 4 as measured with the intensity sensor 66, the control unit 86 refers to said 
algorithm or LUTs and sets the conditions for modifying the individual LUTs in the correction LUT 40 as well as modify 
those LUTs. 

io The image data supplied from the image data supply source R into the correction LUT 40 is processed with the thus 
modified LUTs and transferred through the D/A converter 42 into the driver 44, which drives the spatial light modulating 
element 24 in accordance with the processed image data. 

Thus, according to the exposing apparatus 80 of the invention, the variations in the state of the spatial light modu- 
lating element 24 (hence, the resulting changes in the quantity of light transmission and the operating speed) are suffi- 
is ciently absorbed to ensure that high-quality (high -resolution) images are recorded stably at high speed in accordance 
with the image data from the image data supply source R. 

in the foregoing description, the LUTs in the correction LUT 40 are modified in accordance with the measured data 
on the intensity (amount) of the recording light L. However, this is not the sole case of the invention and the control unit 
86 may be adapted to be such that a separate group of correction LUTs are specifically constructed on the basis of the 
20 above<Jefined prescribed quantity of the recording light L and the actually measured quantity, set in the correction LUT 
40 and used to process of the image data, followed by further processing of the image data with the LUTs already 
stored in the correction LUT 40. The order of processing the image data with the additional correction LUTs and the 
LUTS stored in the correction LUT 40 may be reversed. 

Alternatively, the conditions for correction may be set in the image data supply source R rather than in the correc- 
ts tion LUT 40 such that the image data to be delivered from the source R is processed and thereafter supplied from the 
source R into the exposing apparatus 80. 

While the exposing apparatus of the invention has been described above in detail, it should be understood that the 
invention is by no means limited to the specific examples given on the foregoing pages and that various improvements 
and modifications may of course be made without departing from the spirit and scope of the invention. For example, 
30 instead of employing a single optical unit as in the foregoing examples, a plurality of optical units may be provided in 
direction of the rotation or parallel to the rotating axis of the exposing drum such that simultaneous exposure is accom- 
plished wrttvihese optical units for color exposing or improving the exposing speed. 

As described above in detail, the exposing apparatus of the invention uses a multi-channel spatial light modulating 
element utilizing a liquid crystal, most preferably a ferroelectric smectic A liquid crystal and this ensures that images of 
35 high quality (high resolution) can be recorded at high speed by performing multi-channel exposure with an inexpensive 
and simple device design. 

Claims 

40 1 . An apparatus for exposing a light-sensitive material to recording light modulated in accordance with an image to be 
recorded, which comprises a source of the recording light, a multi-channel spatial light modulating element using a 
liquid crystal as modulating means, imaging optics with which the recording light modulated with said spatial light 
modulating element is imaged on said light-sensitive material, and means for adjusting temperature of said spatial 
light modulating element. 

45 

2. An exposing apparatus according to claim 1 , wherein said liquid crystal is a smectic A liquid crystal. 

3. An exposing apparatus according to claim 1 or 2, wherein said temperature adjusting means adjusts the tempera- 
ture of said spatial light modulating element on the basis of detection of the temperature of said spatial light mod- 

50 ulating element or the amount of light modulated by said spatial light modulating element. 

4. An apparatus for exposing a light-sensitive material to recording light modulated in accordance with image data 
supplied from a source of image data, which comprises a source of the recording light, a multi-channel spatial light 
modulating element using a liquid crystal as modulating means, imaging optics with which the recording light mod- 

55 ulated with said spatial light modulating element is imaged on said light-sensitive material, a sensor for measuring 
an amount of light modulated with said spatial light modulating element, and means for correcting said image data 
in accordance with the amount of light detected by said sensor. 
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5. An exposing apparatus according to claim 4, wherein said liquid crystal is a smectic A liquid crystal. 
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FIG. 3 
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FIG. 4 
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FIG . 6 
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accordance with an image to be recorded comprises a 
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tial light modulating element using a liquid crystal (24), 
imaging optics (18) with which the recording light modu- 
lated with the spatial light modulating element is imaged 
on the light-sensitive material, and apparatus for adjust- 
ing the temperature (28) of the spatial light modulating 
element. This exposing apparatus ensures that image 
of high quality (high resolution) can be recorded at high 
speed by performing multi-channel exposure with an 
inexpensive and simple device design. 
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